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Abstract Distinction between grade II ependymomas and
anaplastic ependymomas based on histopathological exam-
ination solely is problematic and, therefore, the manage-
ment of intracranial ependymomas remains controversial.
The aim of this study was to conduct a systematic review
(SR) and meta-analysis (MA) of data published on
immunohistochemical prognostic markers (IPM) in intra-
cranial ependymomas (IE), and to establish an evidence-
based perspective on their clinical value. Following the
extensive search based on a strictly defined group of key
words, 30 studies reporting results on IPM in IE were
identified. Due to a pronounced inter-study heterogeneity,
only 14 publications fulfilled the criteria for inclusion into
SR. From the total of 67 immunohistochemical markers, 18
were found to correlate with prognosis. However, owing to
inadequate data publishing, MA could be performed only
with data on proliferation marker MIB-1 (Ki-67) from 5
publications, including 337 patients: The pooled hazard
ratio for overall survival was 3.16 (95% confidence interval=
1.96-5.09; p<0.001) implicating that patients suffering from
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tumors with higher immunohistochemical expression of MIB-
1 had a significantly worse outcome. Marked inter-study
heterogeneity and incomplete data publishing in primary
studies significantly limited extent of the SR, and the
possibility of performing MA. Although the prognostic
impact of MIB-1 immunoexpression in IE could be con-
firmed, there remains lack of further reliable IPM that could
be used in routine diagnosis. We encourage to search for new,
useful markers, as well as to standardize lab-techniques and
data interpretation algorithms across laboratories in order to
increase data compatibility.
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Abbreviations

A adults

C children

CA9 carbonic anhydrase

CDKN2A cyclin-dependent kinase inhibitor 2A
CI confidence interval

CPP32 putative cysteine protease

EGFR epidermal growth factor receptor
EMA epithelial membranous antigen

ERBB epidermal growth factor receptor
GFAP glial fibrillary acidic protein

GST pi glutathione S-transferase pi

HIF-1A hypoxia-inducible factor 1 alpha
HNK1 human natural killer

HR hazard ratio

hTERT human telomerase reverse transcriptase
HC immunohistochemistry

infra infratentorial

IPM immunohistochemical prognostic markers
K-M Kaplan-Meier survival curve
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MA meta-analysis

Mdm?2 murine double minute oncogene
MT metallothioneins

MVA multivariate analysis

MW microwave pretreatment

NA data not available

NS non significant

oS overall survival

PCNA proliferating cell nuclear antigen
PFS progression free survival

P-GP P-glycoprotein

SR systematic review

SS statistically significant

supra supratentorial

Topollalpha topoisomerase II alpha

UVA univariate analysis

VEGF vascular endotelial growth factor
WHO World Health Organization
Introduction

Ependymomas are neuroectodermal tumors having their
origin in the lining of the ventricular system of the central
nervous system. Although they can occur at any age, they
are of the greatest clinical importance in childhood. They
represent the third most common brain tumors in this age
group, following pilocytic astrocytomas and medulloblas-
tomas, forming up to 12% of all pediatric intracranial
malignancies [1]. The recent World Health Organization
(WHO) grading system from 2007 [1] defines four
categories of ependymal tumors: subependymomas and
myxopapillary ependymomas (grade I tumors), ependymo-
mas (grade II), and anaplastic ependymomas (grade III).
Grade I ependymal tumors are clinically and histologically
well-defined entities with a favorable outcome in the vast
majority of patients [1]. On the other hand, the criteria for
distinguishing between the grade II ependymomas and the
anaplastic ependymomas according to the recent WHO
grading system remained equivocal and thus the reproduc-
ibility of the prognostication based on histopathological
examination remains problematic [2—5]. Grade III ependy-
moma is defined as an ependymal tumor with increased
cellularity and brisk mitotic activity, often associated with
microvascular proliferation and pseudopalisading necrosis
[1]. None of these criteria has been properly quantified and
their different weight in the diagnostic assessment has not
been considered as well. Moreover, tumor necrosis was
repeatedly questioned as an unfavorable prognostic factor
[6-8]. Hence, the diagnosis of anaplastic ependymoma is
neither easy nor reproducible. A number of publications
concerning prognostication in ependymomas has been
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published. However, as these tumors are relatively rare,
the studies on different tumor markers were performed
mostly on series with a limited number of patients,
contributing only a little to the classification system.

The aim of the present study was to perform a systematic
review (SR) and meta-analysis (MA) of the available
literature published on ependymomas focusing on the value
of the immunohistochemical prognostic markers (IPM), as
the systematic review and meta-analysis concerning these
hasn’t been reported so far.

Materials and Methods

The systematic review was performed following the guide-
lines of NHS Centre for Reviews and Dissemination [9],
using an approach reported previously [10—14]. Four sets of
keywords were applied for literature search (Table 1). The
keywords in EPENDYMOMA were used to identify the
disease of interest; those in INTRACRANIAL TUMOR
broaden the spectrum of papers being involved and thereby
decreasing the risk of omission of relevant studies.
TUMOR MARKER included specific keywords known to
be potentially important a priori together with broader
general terms (e.g. “marker”). The set CLINICAL AREA
referred our search mainly to the area of diagnosis,
prognosis and follow-up. A paper was included into further
analysis in case at least one of the relevant terms from all of
the above mentioned categories were present (conjunction
of phrases from all categories) in either a title, abstract or
within the keywords of the article. The online bibliographic
databases Medline and Embase were chosen as a basis for
identifying the relevant literature published from 1966 to
October 2007. The search was restricted to English written
literature. The potential relevance of the papers was
determined independently by two reviewers reading titles
and abstracts, mutual consent was required. The fulltexts of
the selected reports were then used for the detailed analysis
by all reviewers. The reference lists of these publications
were searched for further relevant articles. There was no
restriction regarding the age of the studied patient popula-
tion. Review articles were not enrolled into our analysis
because all the data had to be based on primary research
only. All identified duplicates were eliminated. If multiple
studies used the same or overlapping cohorts of patients
while investigating the same prognostic marker, only the
most complete or the most recent study was used. Next,
only the papers providing quantitative results evaluating the
prognostic value of immunohistochemical markers in
ependymomas were included. As the association between
the histological grade and the clinical outcome remains
unclear [2-6], a correlation of IPM(s) with histological
grade without proper clinical data represented another
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Table 1 Keywords used in

TUMOR MARKER

ependymoma literature search EPENDYMOMA
within database Medline and
Embase * Ependyma(s)

» Ependymoma

* Cellular ependymoma(s)

* Papillary ependymoma(s)

* Ependymal

* Clear cell ependymoma(s)
* Intracranial ependymoma
INTRACRANIAL TUMOR
* Brain tumour(s)

* Brain neoplasm(s)

* Brain cancer

» Malignant brain neoplasm(s)
* Intracranial neoplasm(s)

* Brain tumor(s)

CLINICAL AREA

* Patient(s)

* Prognosis

* Diagnosis

* Monitoring

* Follow-up

* Prognostic

* Diagnostic

* Tumour marker(s)

» Tumor marker(s)

» Marker(s)

* p53, TP53, pp53

* Ki 67, Ki-67, MIB 1, MIB-1

* Tenascin, cytotactin, hexabrachion, tenascin-C, tenascin C, JI-200-220

* Vitronectin

* Topoisomerase Il alpha

* Cyclin D1, CCNDI1 Protein, PRADI1 Protein
« bel-2, bel 2, ¢-bel-2, ¢-bel 2, ¢ bel-2, ¢ bel 2

* Neoplasm protein(s)

» Oncogene protein(s)

* Phosphoprotein(s)

* Nuclear protein(s)

* Nucleolar protein(s)

¢ Cell adhesion molecule(s)
* Extracellular matrix

* Extracellular matrix protein(s)
* Glycoprotein(s)

* Neoglycoprotein(s)

* Protein(s)
 Topoisomerase

* Proliferation

* Immunocytochemistry

» Immunohistochemistry

» GFAP, glial fibrillary acidic protein
* EMA, epithelial membranous antigen

* CK, cytokeratin
* Differentiation
* Apoptosis

reason for exclusion. Studies on extracranial and grade I
ependymomas were excluded as well, as their biological
behavior is different [1, 15—17]. Studies comprising mixed
tumors were rejected either. After this selection, the
following detailed information on the studied cohort and
immunohistochemistry were extracted: number of patients,
age, localization of the tumors (supratentorial / infratento-
rial / spinal), histological grade (according to the WHO
classification) and overall and/or progression free survival
(OS, PFS) data. Hazard ratio (HR) and its confidence
interval (CI) were directly collected from the tables or texts
of the papers or, where possible, extracted from the
published survival curves using methods described by
Parmar et al [10]. Briefly, for each trial the time axis of
Kaplan-Meier curve was split into non-overlapping inter-
vals. The log hazard ratio was estimated for each interval
and then combined with the others in a stratified way
across intervals to obtain an overall log hazard ratio for
each trial.

Detailed data on immunohistochemistry (antibody type
and its dilution, pre-treatment methods, detection kit, cut-
off values of each continuous variable and quantitative
results of the test) were obtained as well. If the prognostic
value of the immunohistochemical marker was studied in at
least three papers, MA of this marker was performed. A
DerSimonian-Laird random effects meta-analysis was per-
formed to estimate the overall effect of a marker expression
on prognosis [14, 18]. In brief, HRs and their variance
obtained from the single studies were combined, so as the
standard errors of the estimates were adjusted to reflect a
measure of the extent of variation among the effects
observed in different studies. It is the simplest and most
conservative method of a random effects meta-analysis
recommended for routine use while combining a small
number of studies [18]. Heterogeneity among the studies
was tested concurrently, using Cochrane statistics Q.
Sensitivity analysis (inclusion of subgroups of studies into
MA) was performed to test consistency of the pooled result.
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Table 3 Summary of immunohistochemical markers studied in papers
included into systematic review and their impact on overall survival
(0S). Total numbers of patients for each immunohistochemical
prognostic markers (IPM) are listed

IPM Total numbers
of patients

IPM showing SS
impact on OS

MIB-1
(6;7;20;21;31;32;40)
Topollalpha (6;21;31)

234 and patients
from (21;31;32%)

31 and patients
from (21;31%)

p53 (6;20) 82
PCNA (20) 51
Survivin (31) 63
Cyclin D1 (6) 31
IPM showing both SS/  Bcl2 (6) / (20) 31/51
NS impact on OS GFAP (42) / ( 6) 16 /31
IPM with no impact  CA9, HIF-1A (32) 100
on OS Mdm2, Bax (20) 51
ERBBI1-4 (40) 83
HNK1 (42) 16
Caspase 3/CPP32 (6) 31
EMA (6;42) 47

CA9 carbonic anhydrase, CPP32 putative cysteine protease, ERBB
epidermal growth factor receptor, GFAP glial fibrillary acidic protein,
HIF-14 hypoxia-inducible factor 1 alpha, ZNKI human natural killer,
Mdm2 murine double minute oncogene, NS non significant, PCNA
proliferating cell nuclear antigen, SS' statistically significant, Top-
ollalpha topoisomerase II alpha, ® exact number of patients couldn’t
be listed due to a cohort overlap in these studies

antibody clones and pre-treatments were applied (Table 5).
Moreover, the cut-off values of labeling index of this
marker dichotomizing patients into two groups differed
remarkably as well, varying from 1% to 25% (Fig. 1).

Other Nuclear Antigens

p53 was the second most common antigen studied; its
higher expression correlated significantly with worse
prognosis assessed both through PFS or OS [6, 20, 22,
36, 37]. There was cohort overlap in the studies by
Korshunov et al. [36, 37] and by our group [6, 22]. The
extent of immunohistochemical expression of Mdm2
(antigen murine double minute oncogene), negative regu-
lator of p53, did not show any influence on patients’
prognosis in three papers [20, 36, 37].

Regarding the other proteins involved in the cell cycle
regulation, cyclin D1 immunopositivity had only a margin-
ally significant impact on PFS in a cohort of pediatric
patients [6]. Decreased cyclin-dependent kinase inhibitor
2A (CDKN2A) immunopositivity investigated in 2 studies
[36, 37] with cohort overlap, correlates with shorter PFS.
p27 immunopositivity was shown to correlate significantly
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with worse PFS [37] as well. A higher expression of
proliferating cell nuclear antigen (PCNA) was shown to
correlate significantly with worse OS [20]. On the other
hand, the expression of p21 had no impact on patients’
survival [37].

Topoisomerase II alpha (Topollalpha) immunopositivity
correlates with an unfavorable outcome using both PFS and
OS as a primary study endpoint [6, 21, 31, 36, 37]. Tabori
et al [19] demonstrated a strong nuclear human telomerase
reverse transcriptase (hTERT) immunopositivity in tumor
cell nuclei in patients with a statistically significant worse
overall survival. Among other immunohistochemical prog-
nostic markers, significant relationship between OS and
expression of survivin was found in one study [31].
Expression of hypoxia-related factor hypoxia-inducible

Table 4 Summary of immunohistochemical markers studied in papers
included into systematic review and their impact on progression free
survival (PFS). Total numbers of patients for each immunohistochem-
ical prognostic markers (IPM) are listed

IPM Total numbers
of patients

IPM showing SS
impact on PFS

MIB-1 (6;22;41) 37 and patients
from (6;22%)
patients from
(6;22%) and
(36;37%)

31 and patients
from (36;37%)
patients from
(36;37%)
EGFR, VEGF, p27 (37) 112

MT, GSTpi, P-GP (34°) 76

P33 (6:22:36;37)

Topollalpha (6;36;37)

CDKN2A (36;37)

Cyclin D1, bel2 (6) 31
Tenascin (22;37°) 148
IPM with no p21 (37) 112
impact on PFS Caspase 3/CPP32, 31
EMA (6)
Laminin, fibronectin, 36
collagen II, IV, VI (22)
GFAP (6;22) patients from
(6;22%)
Mdm?2 (36;37) patients from
(36;37%)

CDKN2A cyclin-dependent kinase inhibitor 2A, CPP32 putative
cysteine protease, EGFR epidermal growth factor receptor, EMA
epithelial membrane antigene, GST pi glutathione S-transferase pi,
GFAP glial fibrillary acidic protein, Mdm2 murine double minute
oncogene, MT metallothioneins, NS non significant, P-GP P-
glycoprotein, SS statistically significant, Topollalpha topoisomerase
II alpha, VEGF vascular endotelial growth factor, ® exact number of
patients couldn’t be listed due to a cohort overlap in these studies,
®the only IPMs correlating positively with survival, ©in our previous
study (22) the expression of tenascin was studied in various parts in
tumor separately
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Study LI cut-off HR 95% Cl
Gilbertson (40) 25% 2.26 1.05-4.87
Kurt (7) 5 226 0.91-562
Verstegen (20) 1 3.28 1.43-7.49
Wolfsberger (21) 20.5 3.57 1.73-7.37
Zamecnik (6) 7 27.00 3.48-209.34
OVERALL 3.16  1.96-5.09

611

p-value Hazard ratio and 95% CI
0.037 ——
0.078 ——
0.005 ——
0.001 —-
0.0002 ]
< 0.001 o

0.1 1 10 100

Fig. 1 Forest plot with results of MA (MIB-1, overall survival). The size of the squares corresponds with weight assigned to each study in the
meta-analysis. CI Confidence interval, HR Hazard ratio, L/ Labeling index

factor alpha HIF-1A [32] did not show any prognostic
relevance.

Cytoplasmatic Antigens

Regarding apoptosis-related markers, Bcl-2 correlated
significantly with prognosis in one study on 31 pediatric
patients [6] (using both PFS and OS as primary endpoints).
However, its prognostic relevance was not proven in the
study by Verstegen et al. investigating 51 patients of all
ages and using OS [20]. Bax protein, investigated also in
the study of Verstegen et al. [20], did not prove to be a
relevant prognostic marker.

Among other cytoplasmatic antigens, Figarella-Branger
et al. [42] documented a correlation between glial fibrillary
acidic protein (GFAP) immunopositivity and better overall
survival in 16 pediatric patients. Moreover, this group also
showed that GFAP/vimentin ratio<l portends an increased
risk of death [42]. In the study conducted by Zamecnik et
al., however, expression of GFAP did not prove to be a
significant predictor of prognosis [6, 22].

Korshunov et al. [37] confirmed a correlation between
vascular endothelial growth factor (VEGF) immunoposi-

tivity and decreased PFS. The same group of authors
showed in a study focused on chemoresistance-related
proteins [34] that the risk of tumor recurrence decreases
significantly in P-glycoprotein (P-GP), glutathione S-
transferase pi (GST pi) and metallothioneins (MT) immu-
nopositive tumors.

Membranous Antigens

Among membranous antigens, expression of epithelial
membranous antigen (EMA) did not show any correlation
with survival [6, 42]. On the other hand, Korshunov et al.
[37] proved the correlation between epidermal growth
factor receptor (EGFR) and decreased PFS. No correlation
with overall survival was found in the case of ERBB1-4
expression [40]. Expression of hypoxia-related factor
carbonic anhydrase 9 (CA9) [32] as well as of glycan
HNKI1 [42] did not show any prognostic relevance.

Extracellular Antigens

In the studies that fulfilled SR inclusion criteria the
following extracellular matrix proteins were investigated:

Table 5 Antibodies and detection kits used for Ki-67 immunohistochemistry in formalin fixed paraffin embedded tissue in the studies included

into meta-analysis

Study Antibody
Clone Source (company) Dilution/ Detection kit
Pre-treatment
Gilbertson [40] Anti- Ki-67 DAKO NA NA
antibody
Verstegen [20] Moab205 DPC 1:200/ MW Streptavidin-biotin peroxidase technique with
3, 3’diamino-benzidine-tetrachloride (Sigma, St Louis, USA)
Zamecnik [6] MIB-1 DAKO 1:100/MW ChemMate Kit (DAKO), 3, 3’diaminobenzidine
(DAB Fluka Chemie GmbH.)
Wolfsberger [21] anti-Ki-67 DAKO 1:50MW ChemMate Kit (DAKO)
Kurt [7] NA Immunotech 1:100/ MW Ultra Sense biotinylated goat antipolyvalent (IL Immunologic,

Duiven, The Netherlands) and Ultra Sense streptavidine
peroxidase (IL Immunologic) with 3, 3"diaminobenzidine
(Fluka, Buchs, Switzerland)

MW microwave pretreatment, N4 data not available
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vitronectin, tenascin, laminin, collagen II, IV, VI were
studied. The correlation of vitronectin and tenascin immu-
nopositivity in the tumor invasion front, vasculature and
intercellular spaces with decreased PFS was documented
[22, 37]. The expression of the other antigens did not show
any significant correlation with survival.

Discussion

The criteria for distinguishing between grade Il ependymo-
mas and anaplastic ependymomas according to the recent
WHO grading system [1] based solely on histopathological
evaluation remain elusive [2—6]. As a result, ependymomas
represent one of the most controversial entities concerning
the treatment strategy in human oncology which has a
problematic impact on prognosis of these patients. There-
fore, identification of tumor markers, which could be
reproducible and easily used for differentiating between
patients with less aggressive tumors, who might profit from
a less intensive adjuvant therapy, and those with a high risk
of tumor recurrence, is greatly desirable.

A systematic approach is currently the preferred format
of reviewing the existing evidence regarding diagnosis,
treatment, prognosis and overall effectiveness in medicine
[46]. A few reviews on ependymomas have been published,
among them the studies by Bouffet et al. [4] and Rickert et
al. [47] are of importance. We performed the first
systematic review of immunohistochemical prognostic
markers in intracranial ependymomas through identification
of the relevant literature indexed in the largest bibliographic
databases on this topic and evaluated the relation of the
individual markers to well-defined and reproducible criteria
corresponding with prognosis of the patients.

Following the strict inclusion criteria for the published
data, the MA could be performed only for MIB-1, as its
impact on patients’ survival (OS) was properly documented
in five publications. MIB-1 was studied in further four
papers, which were not included into MA as their primary
endpoint was different (PFS); MA for MIB-1 using PFS
could not be performed as there was a cohort overlap
among these studies. Interestingly, the HR and its variance
in the study performed by Zamecnik et al. [6] differed from
the other studies in MA. This could be due to a smaller
cohort of patients, their age as well as the applied staining
technique. We performed sensitivity analysis excluding this
study (HR=2.83, 95% CI =1.90-4.22) and it resulted in a
statistically significant result that is in agreement with the
MA from all the studies.

The other antigens including tumor cell structural
proteins, extracellular matrix components and proteins
involved in the cell cycle control and apoptosis were
investigated regarding their prognostic relevance in the

@ Springer

reports included into SR (Table 2). However, a limited
number of these publications and inconsistent statistical
reporting prevented quantitative pooling of their results by
the means of MA.

While performing the systematic review, we experienced
similar obstacles as reported previously [12, 46, 48]. The
major problem was the inter - study heterogeneity; the
inconsistency among studies was apparent in clinical
factors (age, stage of disease, treatment modalities, length
of follow-up), use of different study endpoints (PFS versus
0OS), as well as in different protocols for immunohisto-
chemistry processing and evaluation. Above all, inadequate
data publishing in primary studies limited quantitative
synthesis of the results. Exclusion of non-English papers
could cause also some bias in the SR. From the above
mentioned reasons we admit that the review may not be
fully comprehensive-primarily due to the strict inclusion
criteria regarding quality of the studies.

Based on this study we may recommend that when
conduction a study on prognostic markers, the endpoint
outcome should be presented properly, e.g. as HR with some
measure of precision. Coordination through cancer research
groups may lead to creation of a prospective online database
of trials which would help to prevent publication bias and
may declassify individual patient data enabling subsequent
analysis and evaluation [12, 48, 49]. In this review we
confirmed a role of MIB-1 as a relevant prognostic marker;
furthermore we gathered relevant literature and identified
other possibly valuable immunohistochemical prognostic
markers in intracranial ependymomas.
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